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ABSTRACT

Background:  Although the relationship of self-efficacy to sports performance is well established, little attention 
has been paid to self-efficacy in the movements or actions that are required to perform daily activities and pre-
pare the individual to resume sports participation following an injury and associated period of rehabilitation. 
There are no instruments to measure self-confidence in movement validated in an adolescent population. 

Purpose: The purpose of this paper is to report on the development of the AMCaMP, a self-report measure of 
confidence in movement and provide some initial evidence to support its use as a measure of confidence in 
movement. 

Methods: The AMCaMP was adapted from OPTIMAL, a self-report instrument that measures confidence in 
movement, which had been previously designed and validated in an adult population. Data were collected 
from 1,115 adolescent athletes from 12 outpatient physical therapy clinics in a single healthcare system. 

Results: Exploratory factor analysis of the 22 items of the AMCaMP using a test sample revealed a three fac-
tor structure (trunk, lower body, upper body). Confirmatory factor analysis using a validation sample dem-
onstrated a similar model fit with the data. Reliability of scores on each of three clusters of items identified 
by factor analysis was assessed with coefficient alpha (range=0.82 to 0.94), Standard Error of Measurement 
(1.38 to 2.74), and Minimum Detectable Change (3.83 to 7.6).

Conclusions: AMCaMP has acceptable psychometric properties for use in adolescents (ages 11 to 18) as a 
patient-centric outcome measure of confidence in movement abilities after rehabilitation.

Level of Evidence: IV
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INTRODUCTION
Return to sport is a critical goal in rehabilitating 
adolescents engaged in athletics. Although these 
athletes may be most concerned with their abilities 
to execute the movements essential to their sport, 
physical rehabilitation of an injury begins with the 
individual’s ability to execute the actions of daily 
activities (e.g., bending, running, hopping, lifting, 
reaching) that will eventually support accomplish-
ment of sport-specific tasks (e.g., turn a handspring, 
shoot a lay-up, throw a pass) properly after the 
patient returns to athletic engagement. 

Although the relationship of self-efficacy to sports 
performance is well established,1–3 little attention 
has been paid to self-efficacy in the movements or 
actions that are required to perform daily activities. 
These movements, once restored, form the basic 
“vocabulary” of the sport-specific movements that 
will eventually allow the individual to resume sports 
participation. The proper execution of these move-
ments depends in part on an individual’s confidence 
in being able to perform the movement, which may 
be particularly challenging if the individual has suf-
fered a re-injury. Derived from the broader social 
psychology literature, self-efficacy was first concep-
tualized by Bandura,4 who proposed that situation-
specific beliefs about one’s capabilities to perform 
specific tasks will help to determine what tasks indi-
viduals will choose to do, the energy and attention 
they will devote to doing it, and the perseverance 
that will be displayed to execute a specific level of 
performance when confronted by barriers to suc-
cess. If one lacks confidence in the ability to move 
correctly to perform everyday activities, then it is 
highly unlikely that the athlete will perform more 
demanding movements of a sport. 

Although there is a plethora of infant and child 
development scales as well as standardized assess-
ments for adults, especially older adults, few instru-
ments have been expressly developed for and 
validated in adolescent athletic populations.5–7 Such 
is also the case for instruments that measure self-
efficacy, despite the importance of self-efficacy to 
effective rehabilitation.8  After searching the litera-
ture for such an instrument that would be relevant 
to the movements of daily life and support the vari-
ous movements required by the particular sport in 

which these adolescent patients participated, it was 
concluded that the confidence scale of OPTIMAL9 
was a suitable candidate for a general instrument 
measuring movement self-efficacy that might be 
validated on adolescent athletes. OPTIMAL has a 
specific focus on movement, and had known psy-
chometric properties for populations as young as 18 
years of age. The purpose of this paper is to report 
on the development and initial validation of the Ado-
lescent Measure of Confidence and Musculoskeletal 
Performance (AMCaMP), a self-report measure of 
confidence in movement. 

METHODS

Instrument Development Process
The OPTIMAL confidence scale is a 22-item self-
report measure on an individual’s confidence in per-
forming 22 basic movements such as rolling, sitting, 
standing, walking, running, lifting, and carrying. 
Its psychometric properties were evaluated on 360 
individuals over the age of 18. All items were rated 
on a 1-5 scale (fully confident to no confidence) at 
initial visit and at discharge. The preliminary draft 
of the AMCaMP used the same Likert-type scale for 
each item.  Designed as a patient-centric measure 
that would aid treatment planning for adults, OPTI-
MAL also contains an item in which respondents are 
given the opportunity to identify three movements 
or actions that they would like to perform better. 
This item was also carried over as a single question 
to the preliminary draft of AMCaMP.

Although OPTIMAL used a visual analogue scale to 
make a global assessment of confidence in move-
ment, this question was re-written for the AMCaMP’s 
intended population by eliciting a global estimation 
of self-efficacy at discharge as it related to return 
to sport. This global item, “Are you ready to return 
to your previous level of physical activity?” had a 
dichotomous response (i.e., yes/no). 

Study Sites and Participants
We gathered data from patients who were referred 
to physical therapy for sport-related injuries from 
12 outpatient clinics in the Children’s Healthcare 
of Atlanta (CHOA) system. The institutional review 
board of CHOA approved the data collection pro-
cess with exemptions from the institutional review 
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not used to generate them) to help guard against 
over-fitting sample-based error during the fac-
tor analyses.10 Exploratory factor analysis (EFA)
was used to generate plausible hypothetical mod-
els which were then tested in the confirmatory 
factor analysis (CFA) phase. These analyses were 
used to understand: 1) how many constructs were 
assessed by the 22 items; and 2) which items were 
related to which constructs. Once a model which 
adequately explained the observed data was identi-
fied, a replication of that model in the validation 
sample was attempted to assess reproducibility of 
the results. As the data are categorical in nature 
(i.e., five-point Likert-type responses), polychoric 
correlation matrices11 were analyzed in both EFA 
and CFA. EFA model parameters were estimated 
using the CEFA software package.12 Ordinary least 
squares estimation in CEFA was used and, when 
applicable (i.e., when estimating models with more 
than one factor), an oblique CF-Quartimax rota-
tion was employed.13 CFA model parameter esti-
mates were obtained using Mplus.14 A mean- and 
variance-adjusted weighted least squares estimator 
(WLSMV)15 was used in Mplus. 

Once the factor analyses were complete and a satis-
factory latent structure was established, the newly 
formed scales were tested using standard psycho-
metric methods from classical test theory including 
coefficient alpha,16 standard error of the measure-
ment (SEM) calculated as 

SEM=� �� �( ),1−

where σ̂ is the estimated standard deviation for test 
scores and α̂  is an estimate of the reliability (coef-
ficient alpha, in our case), and minimal detectable 
change (MDC)17 calculated as

MDC=SEM ∗1 96 2. .

It is important to note that both SEM and MDC can 
also be calculated using repeated measures-type 
information, but that is not the route that pursued 
here. Also, it is important to remember that MDC is 
about detectable change, not necessarily important or 
meaningful change. There are suggested methods to 
address the meaningfulness of change, but they can 
be complex, involve variables outside the measure, 
and are beyond the scope of this project. 

boards of George Mason University and the Ohio 
State University. Traditionally the onset of puberty 
is accepted as the beginning of adolescence, which 
was arbitrarily operationalized as 11 years of age. All 
therapists at each site were instructed on who was 
eligible to participate in the study and how to collect 
the data. Any new patient was eligible to participate 
in the study if the patient was: (1) 11 to 18 years 
of age; (2) spoke and read English; and (3) had the 
cognitive ability to complete the questionnaire inde-
pendently. Demographic data were also collected on 
the first visit.

Pilot Testing for Reading Level and 
Comprehension 
The reading level of the draft instrument was 
assessed by  CHOA’s Learning Center and deemed 
appropriate for this age group. The OPTIMAL’s con-
fidence scale was administered as it had been origi-
nally published to 217 adolescents drawn from two 
pediatric clinics to gather feedback on the readabil-
ity of the instrument by directly debriefing subjects 
after each administration to identify items which 
they did not understand. From these preliminary 
tests, it was learned that many of the adolescents 
in our test sample did not know the meaning of 
“stooping,” which had been used in OPTIMAL on 
one item (“bending/stooping”). Therefore this word 
was eliminated from the subsequent version of the 
instrument. 

OPTIMAL measures self-confidence in movement in 
everyday (i.e., non-sports related) activities. Because 
adolescent athletes may not perceive a clear “bound-
ary” between every-day life and their sports-related 
activities an explicit distinction was subsequently 
made about context in the instructions for study 
participants based on the questions they asked in 
filling out the AMCaMP (see Appendix for the full 
instrument). Subjects were instructed to think only 
of their non-sports-related activities.

Data Analysis
Descriptive statistics were calculated to assess the 
demographic and clinical characteristics of study 
participants. The entire sample was divided into a 
test sample and a validation sample (i.e., potential 
models were generated using half of the sample 
and then these models were evaluated in the half 
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There are a wide variety of “rules” governing inter-
pretation of scree plots. Rather than using such infor-
mation in a dogmatic fashion, the data from the scree 
plot was used to identify potentially viable solutions. 
One can often look for an “elbow” in a scree plot, 
which represents an inflection point after which 
the subsequent eigenvalues are all very similar. In 
order to keep the model as simple as viable, 1-, 2-, 3-, 
and 4-factor solutions were explored. For reasons of 
interpretation, the 3-factor model was preferred over 
the 1- or 2-factor model. Estimation of a fourth factor 
yielded a “walking” factor, which related primarily to 
the three items which reference walking. Although 
this extra covariance might have been worth mod-
eling in some respects, the research team did not 
regard it as an interesting common factor. 

Confi rmatory Factor Analyses
In the CFA phase of analysis, a decision was made 
to test a 1-factor model, a 3-factor model with inde-
pendent clustering (where each item relates to only 
the common factor it showed the strongest associ-
ation with in the 3-factor EFA solution), a 3-factor 
model with cross-loadings (all of the loadings from 
the independent clustering model plus any addi-
tional loadings that were greater than 0.3 in abso-

RESULTS

Sample
Demographic information on the sample is pre-
sented in Table 1. During the period of data collec-
tion, 1,115 adolescents with sports-related needs for 
rehabilitation were eligible for study. The population 
for this study was predominantly female, and 14.3 
years old on average. The majority of participants 
were full-time students in middle and high school, 
who had been participating in sports for almost four 
years. 

Of these 1,115 patients, 829 individuals had an initial 
examination. For factor analyses, only intake data 
were used. List-wise deletion (where any individual 
with a missing value is deleted) was used on the 
data before factor analyses were performed yielding 
a final sample of 661 subjects with complete data. 
This total sample was then split into a test sample 
and a validation sample (sample sizes of 331 and 
330, respectively). 

Exploratory Factor Analyses
Figure 1 displays a scree plot, which contains the 
eigenvalues associated with the sample polychoric 
correlation matrix computed using the test sample. 

Table 1. Study Population Demographics and Characteristics
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the 90% confidence intervals around the RMSEA 
values were overlapping. Adding the three addi-
tional parameters identified by Mplus as having the 
largest corresponding MIs did significantly improve 
the model fit (RMSEA = 0.08, TLI = 0.98). 

Cross-validation
Three models (3FIC, 3FIC-W, and 3FIC-MI) were 
explored in the validation sample to evaluate the 
extent to which these models fit a (relatively) new 
data set as well as the test sample. As the test and 
validation samples were chosen at random from 
the original sample, differences in the fit of these 
models help us understand sampling variability and 
avoid over-fitting models to sample-specific error. 
These results are also summarized in Table 2, where 
the models have the same name with a new “V” pre-
fix to identify those results as coming from fitting 
a model in the validation sample. All three models 
showed slightly better fit in the validation sample. 
This is an encouraging result which suggests that 
over-modeling sampling error in the original sample 
did not occur. 

lute magnitude in the 3-factor EFA solution), and 
a 3-factor independent clustering model with cor-
related residuals among the three “walking” items. 
These four models are designated 1F, 3FIC, 3FCL, 
and 3FIC-W, respectively. In addition, a more data-
drive fifth model, which was selected by addressing 
the largest modification indexes identified by Mplus, 
was explored. This model, called 3FIC-MI, contained 
all the same parameters as 3FIC-W, but added three 
additional correlated residuals between items 14 
and 15, items 17 and 18, and items 21 and 22. The 
results from fitting these five models are summa-
rized in Table 2.

The 1-factor model fit poorly (RMSEA = 0.19, TLI = 
0.86), which is consistent with the EFA results. The 
3-factor model with independent clustering (3FIC) 
fit the data significantly better (RMSEA = 0.11, TLI 
= 0.96). Although the TLI value was acceptable,10 
the RMSEA value was on the border of values usu-
ally considered representative of acceptable model 
fit.18  Allowing additional parameters to be estimated 
in 3FCL and 3FIC-W improved model fit slightly, but 

Figure 1. Scree Plot for the 22-item Core Set.



The International Journal of Sports Physical Therapy | Volume 11, Number 5 | October 2016 | Page 703

for each item were displayed left to right from “fully 
confident” to “not at all confident” using the same 
arbitrary value assignment of 1-5 arrayed left to 
right. In this scheme, a high or “best” score on, say, 
the trunk subscale was five while 25 was actually a 
low or “worst” score possible. Not surprisingly, ado-
lescents found this scoring confusing. Therefore, 
the values assigned to each level of response was 
reversed so that higher numbers represented greater 
confidence. To ease interpretation further, the score 
was calculated as a percentage of the available 
points achieved. Because the subjects in this study 
were also students who were used to being graded 
academically, they grasped the difference between 
scoring 0% and 100% on an assessment without any 
difficulty. This allows scores for the three scales, 
which have different lengths, to be expressed in a 
comparable metric. This ease of interpretation held 
true for cases with missing values where the ratio 
was calculated as the total actual points awarded 
across all items answered (minus the minimum 
possible score) divided by the total possible points 
achievable across all items answered (minus the 
minimum possible score), multiplied by 100%.

DISCUSSION
On a very large sample drawn from multiple sites, the 
data indicate that the AMCaMP separated itself into 
three factors: lower body, upper body, and core, and 
performed adequately when subjected to classic psy-

When considered in their totality, these results led 
to the conclusion that there were three common 
factors being measured by the 22 items in the core 
set. The first factor reflects the trunk (items 1-4, 7), 
one reflects the lower extremities (items 5, 6, 8-16), 
and the third comprises items concerning the upper 
extremities (17-22). Therefore, we calculated point 
estimates and standard errors for the 3FIC model 
using the full combined sample, which are pre-
sented in Table 3, were calculated. 

Reliability Analyses
Once a satisfactory factor structure was identified, 
about a goal was set to provide additional evidence 
about the reliability of the resulting scores, includ-
ing assessment of coefficient alpha, SEM, and MDC.  
Based on the factor analyses, three scores for each 
subject were constructed and the resulting reliabil-
ity properties were evaluated. Table 4 contains the 
summary information about each of the three scales. 

Score Reporting
All study subjects were offered the opportunity to 
comment verbally to administering clinicians on the 
interpretability of the instrument. Most subjects did 
not comment, but among those comments shared 
verbally by clinicians with the research team, a 
consistent theme that the scoring system seemed 
counter-intuitive was noted. Following the origi-
nally published scoring of OPTIMAL, the responses 

Table 2. CFA Model Fit Summary
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Table 3. CFA Point Estimates and Standard Errors from Preferred Model (3FIC)

Table 4. Classical Test Theory Results
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chometric testing. All three subscales demonstrated 
good internal consistency and an MDC threshold 
which is reasonable for clinical practice and docu-
mentation of clinical progress and outcomes. As was 
the case with OPTIMAL, its progenitor instrument, 
AMCaMP items reflecting the neuromusculoskeletal 
core do not lend themselves to a scale that is quite 
as unidimensional as the scales for either the upper 
or lower body. From the perspective of clinicians for 
whom movement is the primary phenomenon of 
interest, this finding is clinically axiomatic. While the 
focus on intervention may be primarily directed at 
segmental or intersegmental movement, each factor 
must make its full contribution to the overall whole 
body movement or action. Limb mobility must com-
bine successfully with trunk stability to produce sus-
tainable movement or action that is safe, effective, 
and efficient. Thus an instrument which captures 
these three factors has great potential to document 
sources of variability in movement-related outcomes.

Beyond its value as a psychometrically acceptable 
instrument, AMCaMP possesses two distinct attri-
butes. The first is its patient-centricity. By measur-
ing confidence in movement as a critical outcome 
of rehabilitation, this instrument can describe the 
impact of injury or illness on movement from the 
patient’s point of view. Furthermore, because self-
efficacy is highly predictive of what a person might 
actually do once leaving clinical care, it may serve 
as a proxy measure of carry-over in proper move-
ment after returning to sport. 

On a methodological note, although the 3FIC-MI 
model was superior when evaluated using the pro-
posed model fit criteria, there are no substantively 
different conclusions one would reach in accepting 
this model over the simpler a priori 3FIC model. 
As it has been proposed to score these scales using 
summed scores, the additional parameters, while 
improving model fit, will not impact any conclusions 
that are likely to be made. However, if one were to 
use factor scores in the future (or a unidimensional 
item response theory analysis), the correlated resid-
uals that were identified here may prove to be strong 
enough to require attention. 

While self-report instruments can provide a neces-
sary patient-centric perspective, it is not in itself a 

sufficient basis for sound clinical judgment and treat-
ment planning by health professionals. A parallel set 
of instruments for assessing functional performance 
objectively should be used to complement the data 
provided by AMCaMP. Capturing both perspectives 
should lead to patient-centric goal-setting, profession-
ally competent treatment planning, and outcomes 
relevant to all stakeholders. Future research should 
also explore the predictive validity of AMCaMP, espe-
cially with respect to recurrent injury. 

SUMMARY
Primarily relying on factor analysis, the latent struc-
ture of AMCaMP was established. This 22-item 
self-report instrument measuring confidence in per-
forming particular movements or actions revealed a 
three factor structure comprising the trunk, upper 
body and lower body. These three scales demon-
strated good internal consistency and an accept-
able MDC. These psychometric properties and the 
instrument’s patient-centricity and ability to provide 
an ecological context for a respondent’s answers rec-
ommend its use for adolescent athletes, especially 
when self-efficacy regarding confidence in move-
ment in daily activities prior to returning to sport is 
a primary clinical or research outcome.
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